An integrated approach to Lean Systems and CADCAM methodology deployment in a SMME by Esan, Adedeji O. et al.
 The University of Bradford Institutional 
Repository 
http://bradscholars.brad.ac.uk 
This work is made available online in accordance with publisher policies. Please refer to the 
repository record for this item and our Policy Document available from the repository home 
page for further information. 
To see the final version of this work please visit the publisher’s website. Available access to 
the published online version may require a subscription. 
Link to original published version: N/A 
Citation: Esan AO, Khan MK, Naylor C, Qi HS (2008) An integrated approach to Lean Systems and 
CADCAM methodology deployment in a SMME. 24th ISPE International Conference on CAD/CAM, 
Robotics & Factories of the Future (CARS & FOF 2008), Koriyama, Japan 29 –31 July 2008. 
Copyright statement: © 2008 The Authors. Reproduced in accordance with the publisher's self-
archiving policy.  
Proceedings of the Conference on CAD/CAM, Robotics & Factories of the Future (CARS & FOF) are 
published under licence in the IOP Conference Series: Materials Science and Engineering by IOP 
Publishing Ltd. 
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 
licence. Any further distribution of this work must maintain attribution to the author(s) and the 
title of the work and journal citation. 
 
An integrated approach to Lean Systems and CADCAM methodology 
deployment in a SMME 
 
A.O. Esan, M. K. Khan, C. Naylor, H. QI 
 
Research Associate, School of Engineering, Design and Technology, University of Bradford, UK, 
E-mail: A.O.Esan@bradford.ac.uk; Tel: 00-44-1937 845112, Fax: 00-44-1937 845467 
 
Associate Dean, School of Engineering, Design and Technology, University of Bradford, UK, 
E-mail: M.K.Khan@bradford.ac.uk; Tel/Fax:  00-44-(0)1274-234523 
 
Managing Director, NTR Ltd, Precision Tooling Engineers, West Yorkshire UK, 
E-mail: craignaylor@ntrltd.co.uk Tel: 00-44-1937 845112, Fax: 00-44-1937 845467 
 
Lecturer, School of Engineering, Design and Technology, University of Bradford, UK, 
E-mail: H.Qi@Bradford.ac.uk Tel: 00-44-(0)1274-235451, Fax: 00-44-(0)1274-234525 
 
 
Abstract—Cost reduction through the use of technology has become the competitive strength of 
companies. The benefits of computer integration are quite credible and have been effective in beating 
the competition. This paper describes a manufacturing strategy for the implementation of lean systems 
and the development of an integrated CADCAM system in a Small Medium Manufacturing Enterprise 
(SMME). Using an end-to-end CADCAM system, organisational change paradigm, and lean 
philosophy of “minimum effort maximum output”—a system with extensive and completely integrated 
suite of tools for concurrent engineering, product life cycle engineering, PDM collaboration, and 
manufacturing planning was developed with the objective of creating a more responsive and interactive 
manufacturing environment.  
 
I. Introduction 
 
Cost reduction through the use of technology has become the competitive strength of companies. 
Integrated Computer Aided Design and Computer Aided Manufacturing (CADCAM) or Computer 
Integrated Manufacturing (CIM) promise a “competitive edge” through reducing costs, improving 
quality, enabling variety production and reducing lead times; however the reality in many 
manufacturing companies is different [1]. Today, a highly CIM environment is not only desirable in 
terms of quality, productivity, and reduced time to market; it is a reachable goal in any company, 
limited in its breadth and implementation only by the willingness or ability of management to invest in 
the tools, training, and methods necessary to make it a reality. This paper describes a manufacturing 
strategy for the advancement of an integrated CADCAM system in a Small Medium Manufacturing 
Enterprise (SMME). Based on the premise that the implementation of a CADCAM strategy is partly 
dictated by characteristics that are unique to each adopting firm [2], the paper provides solutions to key 
issues identified during the CADCAM integration planning and implementation phases in the case 
company using an integrationist framework that supports lean policy deployment and organisational 
change paradigm.  
 
The National Economic and Development Office (NEDO) [3] in their report examined the ways in 
which Advanced Manufacturing Technology (AMT) might help manufacturing organisations compete 
better, they concluded that there were many failures which are due either to sub-standard equipment, or 
poor planning. Although most of the reasons they have cited were internal to manufacturing businesses 
such as poor planning, poor communications, lack of adequate investment and the piece-meal approach 
to investment and poor employee involvement and training, another reason they mentioned was the 
lack of involvement of equipment suppliers [4]. Similarly, and referring to the implementation of 
CADCAM in the UK, the CADCAM User Experiences Report [5] has looked at 81 CADCAM projects. 
Some of the problems reported during the implementation of these systems included lack of vendor 
implementation back up and support (15 cases), ineffective or insufficient vendor training (15 cases), 
system reliability (14 cases). Additionally, it has been recognised that CADCAM integration does not 
just involve technical issues such as hardware, software, and database interfacing, as well as data 
exchange and communications requirements. Such technical problems are perhaps more obvious and 
widely recognised than the organisational challenges involved in the process of organisational change 
that accompanies implementation [6].  
 
Today, companies need people to work together in development teams, sharing their hard-earned 
knowledge, experience and ideas, and providing the capability of working on production and support 
from very early on in the design and consequentially manufacturing phase. However, without being 
able to use effectively all the functional knowledge retained within the company, team’s effectiveness 
can be limited severely. Technology can aid this activity significantly – helping companies to look at 
the whole product life cycle from the start and, thus, produce manufactured products more quickly and 
with greater confidence in quality. But, too often the available computer-based design and 
manufacturing support systems work in isolation, severely restricting the effective use of the 
knowledge they retain hence the need for concurrent engineering [7]. Concurrent engineering to date 
has focused on those tools which facilitate it, CAD/CAE/CAM and MRP products, and, subsumed in 
this, a restructuring of the engineering organisation to take advantage of the new functionalities offered 
by these products. One aspect of these tools is that they can track visible factory product costs [8].  
 
A. Research Methodology 
 
The case study approach has gained considerable recognition over the years and has been used by 
many researchers. Some examples include a study of the process of using quality function deployment 
in manufacturing strategic planning [9]; a study of Automated JIT based materials management for lot 
manufacture [10]; a study of manufacturing strategy formation process in small and medium-sized 
enterprise [11]. The case study method has also been adopted with this study, to gain more in-depth 
understanding of the strategic intent of the company and the way in which the implementation process 
is managed. Information for the case study was collected through a Knowledge Transfer Partnership. 
Knowledge Transfer Partnerships (KTP) is Europe's leading programme helping businesses to improve 
their competitiveness and productivity through the better use of knowledge, technology and skills that 
reside within the UK knowledge base. KTP is funded by the Technology Strategy Board with 17 other 
funding organisations. Each partnership employs one or more high calibre Associates (recently 
qualified people) to work on a project, which is core to the strategic development of the business.  
 
This particular KTP programme (KTP 1257) is co-sponsored by the Department of Trades and Industry 
(DTI) and the Case Company with knowledge support provided by the University of Bradford. The 
information gathering process for this research paper involved active participation in the technology 
deployment by the associate (project manager), and application of holistic set of lean deployment tools 
which includes a business case that includes a comprehensive stakeholder’s analysis, risk assessment, 
investment and scenario planning, financial justification through a return on investment calculator, 
force field analysis, and labour linearity. Other deployment methods include training, supplier 
integration, machine configuration and provision of greater understanding of the internal processes 
within the case company, illustrating ways in which ideas are generated; approach taken to and how the 
CADCAM system changed the organisation’s work methods.  
 
B. The Case Company 
 
The case study company—NTR Ltd, Precision Tooling Engineers (a SMME)—provides many of 
Europe's leading automotive, aeronautical and high precision sub-contract manufacturers with tooling 
reclamation. The business has been built up over 28 years, during which time the service has 
significantly developed, however the company continues to provide manufacturers with substantial cost 
savings against the price of new tooling –up to 75%.Working through a network of Agents and Partners, 
NTR occupies 11,000 square feet of manufacturing area and currently employs 43 people, turning over 
£1.5m.The Company continues to grow as the need to renew and recycle becomes increasingly 
important and with a 70% share of the UK tooling reclamation market. Figure 1 shows a cross-section 
of product offered by the case company. 
 
 
 
Figure 1: Cross Section of NTR Ltd Products 
 
II. CADCAM integration at NTR Ltd. 
 
The need to develop a strategic focus that requires a process of creating and sharing strategic goals of 
the business throughout the organisation in such a way as to enable each individual or problem-solving 
group to focus efforts on improvements, which will have impact on strategic targets created the need 
for NTR LTD to implement CADCAM integration on a lean platform. Figure 2 shows the key drivers 
for CADCAM integration at the case company. From Figure 2 it is evident that the CADCAM strategy 
was necessary because of changes in cutting tool technology (configuration and complexity) hence 
limitations in the current manufacturing capability which is vastly manual based (about 80% of 
machining is done manually). 
 
 
 
Figure 2: Key CADCAM Strategic Development issue 
 
Moreover, the company was also looking to migrate from this predominantly manual based operation 
with high labour intensity (direct overhead cost) to a more automated manufacturing system. The 
manual machining process is also highly skill dependent and the reproducibility and repeatability of 
machined parts are limited. The goal however, is not to completely alienate the manual operation as 
sizable chuck of work will still be manual based as this is requited for incremental change but more 
importantly to retain flexibility in machining parts that are extremely light to medium damage and 
requiring the lightest “skim”, hence achieving an integration into a lean environment that advocate 
optimum combination between MAN, MATERIAL and MACHINE. Although there are arguments for 
manual production (milling in particular) due to its flexibility and “feel” as these are decidedly required 
in the tooling reclamation industry where profits margin is based on the ability to swiftly convert input 
to output in relation to the Original Tooling Manufacturer’s production rate and the competitive 
environment, however a host of other negatives still applies. Detailed in Table 1 is a force field 
analysis of the CNC/CADCAM integration strategy at NTR Ltd. 
 
 
For (Driving Forces) Against (Restraining Forces) 
High Product Quality  Measurement System & Machine tool  
Lower Manufacturing Cost Investment Cost, Payback  
Rapid Knowledge Transfer Product Characteristic Documentation 
Complex Tooling Geometry Measurement System and Machine tool configuration 
Lower Throughput Time Machine tool: CNC machine & Rotary Table 
Competitive Advantage Investment Cost, Payback  
New Markets Marketing, and Sales Strategy 
Manufacturing/Business Strategy Investment Cost, Payback, Marketing/Sales Plan 
Reduce Operating Cost Product characteristics, High Skill Requirement: Milling Knowledge 
  
Table 1: CNC/CADCAM Integration force field analysis 
 
CADCAM 
Strategic 
Development 
Complex  
Cutting Tool 
Technology 
Manufacturing 
Planning 
Diversify  
Market  
Base 
Product 
Development 
Process 
Knowledge 
Management 
and Transfer 
Direct  
Overhead  
Cost 
The CADCAM integration as seen from Table 1 shows that the company want to be able to quickly 
(existing manual machining takes about two (2) years to become proficient), and seamlessly transfer, 
manage and document the organisation’s knowledge base hence enabling a concurrent engineering and 
product data management manufacturing system, increase productivity, improve product quality, 
diversify market base and achieve lower manufacturing cost whilst forces restraining the deployment of 
the CADCAM strategy include the extent of investment required in achieving a truly automated CIM 
environment: cost are not just limited to CADCAM acquisition but also requirements for machine tool 
technology that permits multi-axis machining and the need for an integrated measurement system.  
 
 
Transaction 
Costs 
Average 
minutes 
Loaded 
Hourly 
Rate 
Activity 
Cost 
Total 
Customer 
Cost 
Total 
Business 
Cost Assumptions 
OP1 5.0 £50 £4.17  £4.17   
OP2 5.0 £50 £4.17  £4.17   
OP3 15.0 £50 £12.50  £12.50   
OP4 55.0 £50 £45.83  £45.83   
OP5 5.0 £50 £4.17  £4.17   
OP6 10.0 £50 £8.33  £8.33   
OP7 5.0 £50 £4.17  £4.17   
OP8 8.0 £50 £6.67  £6.67   
OP9 5.0 £50 £4.17  £4.17   
Cost Per 
Transaction    £0.00 £94.17   
Transactions 
 Per day    8 8   
Transaction 
Cost Per Day    £0 £753   
Rework and 
Scrap Costs 10.0 £50 £8.33  £8.33   
Transactions 
reworked 
/day    
0.08 0.08 1.0% Error Rate 
Rework 
/Scrap Costs 
Per Day 
     £0.00 £0.67   
Annual Transaction Cost 
     £0 £275,210 365 
Days 
/year 
 
 
Table 2: Process Plan—Production Routings 
 
 
Further to understanding the need for CADCAM integration strategy at the case company, the 
organisation needed to recognise various stakeholders’ expectation, risks involved, investment scenario, 
and expected returns on investment incorporating a production plan with cost estimates for the wider 
deployment of the strategy.  By using a team based continuous improvement framework the following 
activities detailed in Tables 2, 3, 4 and Figure 3 were carried out. Table 2 and Figure 3, illustrates a 
Return On Investment (ROI) calculator and an incremental investment strategy developed as part of the 
CADCAM integration at the case company. Table 2 shows a production plan with expected annual 
transaction rate of about £275,000 and a gross systems output of 8 parts per day with investment 
limited to existing machine tool. This shows a drastic increase in parts produced over the manual 
operation with output of just 3 parts per day on parts needing total refurbishment. However with 
incremental investment in advanced machine tool technology and other ancillaries Figure 3 shows an 
exponential increase in outputs. Furthermore, in other to successfully manage and realise this 
projections the case company carried out a stake holder’s analysis. Table 3 shows a stakeholder 
assessment carried out at NTR Ltd. The table uses a matrix structure to identify key stakeholders and 
the level of their commitment to CADCAM integration at the case company.  The matrix shows that 
the management of the company is helpful whilst the production staffs are indifferent about the need 
for such strategy as it is perceived as an avenue to “de-skilling” their jobs.  
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Figure: 3: Incremental investment capacity 
 
 
 
Level of 
Commitment People or Group 
  Sales Management Production Customer 
Enthusiastic   O O    
Helpful O X  OX 
Compliant         
Hesitant X       
Indifferent     X   
Uncooperative         
Opposed         
Hostile         
 
(Key: O - Level Necessary for success, X-Current level) 
Table 3: CADCAM Integration Stakeholders analysis 
 
Some other perception of the production staff with regards to CADCAM integration include the 
understanding of how the integration would be achieved with the current CNC milling machines and 
more importantly what are the benefits over the existing conversational based CNC programming and 
manual milling methods. This concern along with other risks involved is presented in Table 4. Table 4 
uses a risk assessment framework that briefly describes the nature of the risk, a business impact and 
probability of occurrence rating, hence providing the organisation with a decision making opportunity. 
Detail approach exploited in mitigating some of the risks identified in Table 4 is presented in the 
change management and benefits sections of this research paper.  
 
 
Risk Description Business Impact
Probability 
of 
Occurrence 
Priority
  (1, 3, 5) (1, 3, 5)  
Poor CTQ definition 5 3 15 
Extended product development time 5 3 15 
Access to investment finance 3 1 3 
Barrier to Entry: Marketing & Sales Strategy 5 5 25 
Software and Computer Integration 5 1 5 
Hardware: Machine Tools, Measurement System 5 5 25 
Production Staff: Communication Plan & Buy-in 5 5 25 
Learning  Organisation (Time-to-Train, knowledge Mgt& 
IP)  5 1 5 
Highly Skilled Staff Retention 5 1 5 
Continuous flow of work to process centre 5 5 25 
 
Table 4: Risk Assessment CNC/CADCAM integration (1=Low, 5=High) 
A. Change Management 
 
In other to gain support for CADCAM integration and perhaps with any change in organisational 
culture staff buy-in is always a pre-requisite. Another point of reckoning is the ability to source for a 
reliable vendor for the CADCAM system. Reliability in this instance is directed at provision of on-
going support for the client and continuous product quality updates. Figure 4 illustrates the approach 
taken in managing the change process in the case company. The framework involves the establishment 
of a CADCAM integration continuous improvement team centred on production staffs, and education, 
training and creating awareness of the benefits of CADCAM (detailed explanation provided in the 
following section) to the production staffs. The focus of the training was on how to use the CADCAM 
system and ways of developing Product Data Management structure that allows collaborative design 
for manufacture using serve based technology. Furthermore, for the training process to be effective and 
relevant an on-site training method was utilised with a combination of practical (hands on machine 
based training) and software based training. This type of training method afforded the production staffs 
the opportunity to witness first hand the advantages of the system over current methods and more 
importantly it provided an avenue to share their concern over the deployment of the strategy. 
 
 
 
 
Figure 4: CADCAM Change Management @ NTR Ltd 
 
 
Other change approach utilised in deploying CADCAM at the case company involved supplier or 
vendor partnership. The vendor was not just involved in the sales of the product but rather actively 
involved in training, and product development. A typical collaborative product development approach 
utilised in the supplier integration include the concept of remote team working. This method involves 
working in conjunction with the supplier using web enable technology to manage both product 
development and systems maintenance. The technology allows the supplier to remotely take absolute 
control of the manufacturing/design engineer’s PC thereby facilitating knowledge transfer and rapid 
product development. 
 
B. Benefits of CADCAM integration at NTR Ltd  
 
Figure 5a & b show how the CADCAM systems implemented at NTR offer valuable advantages over 
traditional design/manufacturing methods, the Figure 5a, illustrates the current manual data transfer 
methods. The process begins with generation of a 2D CAD model that includes manual calculation of 
relevant “pattern location” using trigonometry. The application of this trigonometry calculation is 
especially limited in calculating compound “pattern locations”. Furthermore, on generation and 
extraction of relevant geometries from the CAD model the details are then manually transferred into 
the machine using the conversational part programming interface. This particular process is often long 
and lends its self to data input error. Other observations from Figure 5a are that tool paths validation is 
always done at the machine hence the need to continuously adjust programmes to fit (over-processing) 
and on successful validation of programme, the programmer then needs to develop an operations sheet 
(tooling, procedures, and other instructions) which often takes time. Another relevant observation is 
that the current conversational based programming is limited to one single machine tool 
type/manufacturer hence limiting the company’s options in sourcing for other machine tool due to 
interchange-ability of programmes. However, with the application of CADCAM all the highlighted 
limitations are non applicable. 
 
Figure 5b describes the process route for the CADCAM integration. The figure suggests that the 
CADCAM system integrates a suite of collaborative product design software that addresses the 
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complete product development process, from product concept specifications through product-in-service, 
in a fully integrated and associative manner by allowing parts to be designed, manufacture and 
validated in a single environment. The CADCAM system allows minimising manufacturing procedures, 
processes, tooling, and operations through concepts in CADCAM such as parametric and feature-based 
modelling coupled with the concepts of part and flexible management of tools stored in file-based tool 
libraries or in external tool databases and solid modelling techniques and application of Crystal reports 
which makes it possible for the case study company to drive designs toward and from a manufacturing 
viewpoint.  
 
 
Figure 5a & b: Manual process Vs CADCAM process 
The key to the use of this technology is in the concept of CADCAM part libraries and that of 
parametrically driven feature libraries, associativity with design parts for efficient change management 
and ability to quickly reuse and modify existing design for manufacturing using machining logic into a 
template or library that can be instantly applied to vast array of other parts hence facilitate lean 
operations. Furthermore, the CADCAM concept permits the case company to speed their responses to 
market needs and frees users to focus on creativity and innovation and production at minimum possible 
cost through facilitating true collaborative engineering across the multidisciplinary extended enterprise, 
including mechanical design, fixturing and systems engineering, machining analysis, simulation and 
tool path verification by material removal simulation, collision checking and analysis of the in-process 
part. The system allows for accurate tool path definition through a full set of milling operations from 
2.5-axis up to 5-axis (it is worth noting that the current conversational based programming can not 
handle 5-axis machining) and axial machining operations with high level of automation and 
standardisation by capturing and reusing proven manufacturing know-how thereby enabling faster 
development, and a reduction in time-to-market, gives: 
• a competitive advantage over competitors who take longer to respond to market changes, 
customer needs, new technologies; or …  
• premium prices before competitors offer customers a choice;  
• a faster return on the development investment and therefore a lower financial risk;  
• a longer life cycle for the product;  
• a higher return on the total investment.  
Additionally, the CADCAM assembly design technology, for tool body, to “insert” utilise an object-
oriented databases and object-oriented programming techniques, that actually allow an “insert”, used in 
multiple locations in an assembly (tool body), to be designed interactively as a single model while 
simultaneously being displayed in its parent assembly at various locations. The CAD/CAM system 
allows users to apply their own operating procedures and intelligence to machining unlike the current 
conversational based machining that is highly prescriptive and the manual machining methods that the 
knowledge is encrypted in people’s head.  This is possible because the CADCAM system takes a 
unique, whole part approach to machining.   The user establishes “rules of engagement” to control and 
contain tool path.   The system even automates small changes to individual machining operations; for 
example, changing a tool size automatically adjusts the XY step over in a roughing operation.  This 
rules-based approach is extremely effective in rest milling operations where the machinist simply wants 
to remove the material that the previous operation didn’t remove.  The automation comes from 
machinists storing their logic and intelligence in a template of operations.  
 
Other benefits in the CADCAM system are roughing and advanced finishing operations that provides 
optimum tool loading, extremely efficient material removal, and high quality finish to reduce machine 
wear and tear which improves machine tool utilisation and reduces polishing time. The technology 
increases tool life and reduces machine wear by keeping the cutter in the material, dramatically 
reducing rapid moves, and by maintaining a constant chip load.  All cutting motions are smooth; 
corners and tight areas are cleared without taking full width cuts which prevents tool overload for both 
roughing and finishing operations.  This is critical for unattended machining and key to extending tool 
life and reducing wear and tear on the mill. The system takes scan data to the next level, integrating 
scans into product and tool designs using a full-featured, fully-integrated CAD/CAM system with 
complete solid and surface modelling; shape morphing, reverse engineering, detailing, assembly, and 
milling tools.  
 
 
III. Conclusion 
 
The paper concludes that the CADCAM integration within the case company has increased knowledge 
Base Transfer/Engineering within the organisation, productivity, and flexibility while reducing 
throughput time and so can be considered economically viable. The paper also showed that often time 
computer integration is not due to lack of technology and finance for SMME but tthat management and 
organisational structure are key inhibitors of the implementation of successful computer integration 
hence management must make certain that the proper planning is made to allow computer integration 
to develop.  
 
Computer integration must be implemented from the bottom up. This is the opposite of the planning 
process which starts from the top down and can cause difficulty within the lines of communication. It is 
also recommended that computer integration is implemented on an incremental basis. This is not only 
easier financially, but also easier to control. Computer integration must have the full support of every 
employee from top management down to the line. If top management is not serious about its 
commitment for computer integration, integration will never succeed. Management must properly 
educate the entire staff on the use and benefits of computer integration. If there is no support within the 
line or middle management, computer integration will fail [12].  
 
Finally, an important factor to remember is that the required tools for CADCAM integration are 
accessible today. The issue of creating a CIM environment is truly not dissimilar from that of putting 
into practice good manual practices; the computer is simply an available tool. In the manual world, the 
teaming of expertise and sharing of knowledge produce the best product development process. In the 
world of automation it is the teaming or integrating of hardware and software solutions, the 
implementing of company- or user-specific tools, and the training of personnel which produce the best 
CADCAM results. The key is in putting the required tools and personnel together in either case using a 
lean system’s design framework that supports continuous improvement.  
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